This study explores the relationship between climatic change (measured by temperature rate) and mortality in 23 OECD countries during 196023 OECD countries during -2010. By utilizing the health production framework of Becker-Grossman (2000) we indicate that the temperature-mortality relation is significant in early part of the sample period (before 1990) but insignificant during the second part (after 1990 
Introduction
The global climate has changed. The most recent United Nations' Intergovernmental Panel on Climate Change (IPCC) estimated that the global average temperature has increased 0.6 (+-0.2) degrees Celsius since mid-19 th century, which most increase occurred after 1970s (IPCC 2007) . Humidity and precipitation levels have also risen markedly in recent decades all over the world. It is further evident that the climate change will have a wide range of impacts on human life and health now and, especially in the future.
A vast literature document the excess mortality due to extreme heat temperature waves (e.g. Tol 2002 , McMichael et al. 2006 , Haines et al. 2006 ). For example, Hubler et al. (2008) presented that there was approximately 25 000 -35 000 deaths due to long periods of intensive heat in the summer of 2003. Hajat et al. (2014) estimate that temperature related deaths for the UK residents' increases 250% in this century. The World Health Organization (WHO) estimates that between 2030 and 2050, climate change will cause approximately 250,000 additional deaths per year (WHO 2014) . Watkiss and Hunt (2012) estimated that temperature-induced mortalities have welfare costs of up to 100 billion euros annually by the time period 2071-2100. On the other hand, the global warming may also decrease mortalities due to more favorable temperature environment in some parts of the world. Bosello et al. (2006) predicted that the global warming will save more than 800,000 lives annually by 2050 (see also Ackerman and Stanton 2008) .
The aim of this study is to examine how climatic change (measured by temperature rates) has affected human mortality in the 23 developed countries for the period 1960-2010. Although previous studies have already presented some evidence of these effects, we argue that many of these studies have overestimated the effects of climate change to mortality. The main caveat in these studies has been that the estimates are derived from short-term analysis, which does not fully control the ability of humans and societies to adapt their behavior due to climatic change. Factors such technological innovations, individual and community wealth will influence to the association between climate change and health effects (see e.g. Deschenes 2009 ). Further, most of the earlier studies cover only one specific country, hence, making the generalization difficult. Therefore, we argue that the best estimation of the health effects of temperature change comes from modeling the past relation between temperature and mortality across countries for relatively longperiod from history. Our research question can be stated as how strongly human mortalities are associated with the global warming if the effects of adaptation are notified. To our knowledge, the adaptation effect is not systemically tested across countries in the previous studies.
We base our analysis on Becker-Grossman type of health production model (Grossman 2000) . Our analysis proceeds through three stages. First, we perform a fixed effect panel regression model to explore the short-run relation between mortality and temperature rate across countries. The main advantage to use panel data models is that we can control for many potential confounding factors. We provide only some positive evidence of the relationship between temperature changes and total mortality rates. The adaptation effect is explored by using two different sample periods. We perform panel data analysis for the sample period 1970-1989 and the sample period 1990-2010. The main finding of this approach is that the total mortality rate and some cause-specific mortality rates are related with temperature in the first sample period but that this relation vanishes almost completely in the second sample period. Our findings support Deschenes and Moretti (2009) and Barreca et al. (2016) result of the importance of adaptation effects on temperaturemortality relation.
We further examine whether the adaptation effects differ between temperature areas. To explore this we divide our data in three temperature zones. We notice that the adaptation effect seems to exist especially in those countries where the annual average temperature is below 13 degrees Celsius. Actually, in the "cold temperature zone" (annual average temperature is below 5 degree Celsius) the temperature-mortality relation vanishes completely after 1990. In those countries where the average annual temperature is above 13 degrees Celsius the temperature-mortality relation weakens but is still significant for some cause-specific mortality rates. Especially, blood and respiratory-specific mortality rates seem to increase with temperature increase in the short-run.
Second, we perform the adaptation regression model in the level form as a dynamic panel fixed effects model. This approach takes into account the lagged effects of temperatures in the levels form to explore the levels of the mortality rates. The results of this approach confirm our initial findings of the significant adaptation effect in most of the cause-specific mortality rates with respect to temperature changes.
Third, we use a cointegration approach to examine the long-run relation in temperaturemortality relations. We argue that the long-run joint analysis is important, since the actions to prevent, mitigate or adopt to climate change might be costly in short-term but benefits probably occur only in the long-run. The cointegration analysis also reveals whether temperature and mortality rates are moving together in the long-run, implying whether increased future temperature increase will also increase the amount of deaths. Furthermore, there is recent evidence of the stochastic trends in temperature (Kaufmann et al. 2010) and mortality data (Edwards 2009 ). Using the panel dynamic ordinary least squares (PDOLS) cointegration approach, we could not find any evidence of the long-run relationship between overall mortality rate and temperature. However, we were able to show long-run cointegrating relationships between temperature and some cause-specific mortality rates. These relations are more common in the "hot temperature zone" countries than in the "medium" or "cold" temperature zone countries. Only mortalities due to infectious diseases seem to have a long-run joint relation with the temperature regardless of temperature zone.
This paper is structured as follows. Section 2 gives a theoretical framework and section 3 gives the basis of our empirical regression specification. Section 4 presents the data and section 5 gives the short-run panel fixed effect model results. In section 6 we conduct longrun estimations and panel cointegration analysis. Also, in section 6 we present the panel fixed effect error correction model results. Finally, in section 7 we give some concluding remarks.
Theoretical context
There is a growing literature between climate change, mortality and adaptation (e.g. Kinney et al. 2008) . Adaptation is defined as human adjustment in response to climate change and it effects. Deschenes (2009, p. 606) states that "…adaptation will refer to set of actions that are taken in order to reduce the health impacts of exposure to extreme weather events or changes in climate". Barreca et al. (2016) present that access to health care, electricity and residential air conditioning are three most important innovations of the twentieth century that have affected temperature-mortality relation. Also, climate engineering, which means deliberate manipulation of the Earth's climate, might affect global temperature in this century (e.g. Barreca et al. 2014 ).
To explore the long-run relationship between mortality and temperature with the adaptation effect we utilize Becker-Grossman model of health production (see e.g. Grossman 2000) . We closely follow Deschenes and Greenstone (2011) presentation. We assume that representative individual utility function consists on a consumption good C and from health or survival rate S. The utility function can be presented as
The survival rate is assumed to be dependent on temperature T and on the consumption of the health-maintaining good C H . The consumption of C H includes, for example, airconditioning, heat coolers, building construction and other technical solutions to improve adaptation to temperature changes. This consumption does not directly generate utility, but it is purchased to increase survival probability. The survival function can be expressed as
where temperature T is, hence, treated as an exogenous variable in this model.
The budget constraint is
where I is exogenous income. The price of other consumption goods is normalized to one. This type of model is fully solved in Deschenes and Greenstone (2011) . For our purpose, it is important to note that the above model leads to raise of the effective price of survival, that is, the above model predicts that 0
The key point is that the welfare effect of the exogenous change in temperature is reflected in the survival rate and in the consumption of the health-preserving good C H .
To explore the association between temperature and mortality we apply the above model and present the following functional form Hence the total effect of the temperature change on the mortality is ambiguous.
The empirical approach
Following the model presented above, we present the following log-linearized relation between temperature and mortality as
where m denotes mortality and temp denotes temperature. Using standard panel methods in health economics literature (e.g. Ruhm 2000) and "the new climate-economy literature" (Dell et al. 2014) , the base of our estimated panel regression model takes the common form
where Z is a vector of covariates, which are fully presented in next section. A country (j) fixed effect (μ) absorb fixed spatial characteristics, such as differences in life-styles across countries and time fixed effect (θ) neutralizes any common trends and ensure that relationship between temperature an mortality is identified from idiosyncratic country shocks.
Using the panel fixed effect models to estimate the possible relation between temperature and mortality, we are able to control for unobserved country-and time-specific effects that might produce biased coefficients if omitted. In this way we also can take into account various country specific factors that may affect mortality rates (e.g. latitude, geographical location, humidity, use of air-conditioning, urban engineering). Especially, the individual country-specific determinants of adaptation may vary across countries and these timevarying effects can be relatively easily accounted with the panel data techniques.
Data description
We use annual information on death rates from 23 OECD countries during 1960-2011. The choice of the starting period was constrained by the data availability on some causespecific mortality rates. The overall mortality rate, the cause-specific mortality rates and the annual temperature data are obtained from the OECD Health Database. We have selected countries as broadly as possible to cover the different type climatic environment in developed countries. The countries included are: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Netherlands New Zealand, Norway, Luxembourg, Portugal, Spain, Sweden Switzerland, the United Kingdom and the United States. We examined the total cause-specific mortality rates (deaths/100 000 person) from 18 leading causes of death: blood, circulatory, diabetes, digestive endocrine, external, genitourinary, illness, infectious, malformations, mental, neoplasm, nervous, perinatal, respiratory, skin, suicide and tuberculosis. These specific mortality causes account the major part of all deaths. We also gathered data for several covariate variables that have been identified in the literature as having a role in determining temperature mortality relation. The unemployment rate (une), measured as the share of unemployed workers of total labor force, is probably the most significant macroeconomic proxy variable that affects health production (Ruhm 2000) . The urbanization variable (urb), measured as the share of the population living in cities, is included into the regression since urban areas are vulnerable due to high concentrations of people and the influence of the urban heat effect (Kinney et al. 2008) . The age variable (old), which denotes the % of population over 65 years, is included since it is expected that mortality increases significantly as age increases. Further, the older people are the most susceptible to the extreme heat and their adaptation abilities probably decrease significantly with higher age. The alcohol (alc) consumption variable, measured in liters per capita, is included since there is strong evidence that it increases the risk of several cause-specific mortalities (e.g. White et al. 2002) . Table A1 in the appendix presents the descriptive statistics of the average annual control variables in 23 OECD countries.
Short run analysis
We begin our empirical analysis by testing whether the past temperature changes affect mortality rate changes. This is a crucial first step since environmental changes have typically lagged effect health production as presented, for example, in Menz (2011) and Schwartz (2011) .
where the sub-index i refers the mortality cause, j denotes country and t refers time,
 is the residual term. Table 2 presents the results of a variety of specifications to relationship between temperature and total mortality rates across 23 developed countries during the period 1970-2010. We have selected 1970 as our starting point for the short-run analysis due to the fact that the most of temperature increase has occurred after 1970. The main outcome in the full sample analysis is that the average temperature has a significant and a positive effect on total mortality rate. This result is robust with respect to different specifications. Also, the estimate is insensitive to the inclusion of country specific trends and quadratic trend specifications. The fixed effect estimate in column 6 gives the best fit for temperature-mortality relation. Hence, in the rest of the analysis we use fixed effect model with additional covariates as our base specification. Notes: ***, ** and * denote significance at the 1, 5 and 10 % levels, respectively. Equation (7) is estimated with different specifications so that each column correspond to a separate regression. Specification (1) -(4) = pooled; specification (5) -(6) = fixed; specification (7) = fixed, 1970-1989; specification (8) = fixed, 1990-2010 For the full sample analysis, the results show that 1% increase in the annual average temperature leads to a modest increase in total mortality rates (.01%). To put this effect in perspective, the 1% increase in alcohol consumption leads to 5-6 times higher mortality rate increase than a similar increase in temperature rate. The effect of unemployment on total mortality is negative. This is in line with Ruhm (2000) findings that health improves when the economy temporarily deteriorates. The variables urbanization and age variables seem to have no significant effects in relation between temperature and total mortality rates in the full sample analysis.
One way to explore whether the impact of temperature change on mortality rate has changed due to adaptation is to compare the effects across sub-periods. With this respect we divide our data in two sample periods. The first period covers years 1970-1989 and the second period years 1990-2010. This is rather arbitrary choice, but here we follow Barreca et al. (2016) which states that adaptation effect due to air-conditioning and engineering has increased markedly after 1980s in the U.S. Also, splitting the sample into two same size sub-periods makes the estimation results of different sub-periods comparable and is likely to decrease the regression specification errors due to different sample sizes.
The last two columns (columns 7 and 8) in Table 2 display separate estimates for the 1970-1989 and 1990-2010 periods. As we can see, the relation between temperature and mortality is significant and positive at 5% level of significance during 1970-1989, but not significant during 1990-2010. This gives us the first evidence of the adaptation effect in temperature-mortality relation. Interestingly, also the alcohol consumption seems not to be related to overall mortality in the second sample period. On the contrary, the urbanization is highly significant and the effect of unemployment on mortality is almost the same in both sample periods. Table 3 reports the basic fixed effect model estimation results for the cause-specific mortality rates. The regression specification is similar as fixed effect model with additional covariates in Table 2 (column 6). In the full sample analysis, there are 4 out of 17 causespecific mortality rates that have a positive and significant relation between temperature changes. In sub-sample analysis we find 4 significant relations in the first period and only 2 in the second period. We further estimated sub-sample 2000-2010. Now, we could not find any positive and significant relation between temperature and the cause-specific mortality relations. This reflects the evidence of the adaptation effect and confirms our findings in Table 2 .
Finally, we explored whether there exists asymmetry in the temperature and the causespecific mortality rates relation. Hence, we explore whether the positive temperature changes affect cause-specific mortalities similarly as the negative changes. We find, unsurprisingly, that only the positive temperature changes seem to increase some causespecific mortality rates. In three cause-specific mortality rates, circulatory, respiratory and tuberculosis, the increase in temperature rate increases also mortalities but not if temperature decreases. An interesting question is whether the temperature-mortality relation is dependent on the level of temperature in a particular temperature area. Figure 1 displays changes in total mortality and the lagged temperature changes for different temperature zones. The Figure  shows that the temperature-mortality association is rather clear for the hot temperature zone countries. There seem to be much less dependence between temperature and overall mortality in the medium and the cold temperature zones.
[INSERT FIGURE 1 HERE] Table 4 presents the estimation results for the different temperature zones. Clearly, we note the differences in the temperature-mortality relation between temperature zones during 1960-2010. The relation is not significant in the cold temperature zone, and only at 10% level of significance in the medium temperature zone. In contrast, the temperaturemortality relation is highly significant (even at 1% level of significance) in the hot temperature zone. Also, the magnitude of the effect is much higher in the hot temperature zone (.265) than in the medium hot zone (.032). Hence, in those developed countries where the average annual temperature has been over 13 degrees Celsius the effect of 1% increase in temperature leads to, on average, .265% increase in the total mortality rates. In general, there seem to be more significant relations in hot temperature zone countries and the impacts seem to be much higher level relative to the other temperature zones. 1960 -2010 1970-1989 1990-2010 1960 -2010 1970-1989 1990-2009 1960 -2010 1970-1989 1990-2010 We also find evidence that the adaptation effect is present in different temperature zone data. For the cold temperature zone, we find two significant cause-specific mortality rates (circulatory and infectious) during 1970-1989, and none during 1990-2010 at 5% level of significance. For the medium temperature zone countries we find four significant relations (circulatory, digestive, perinatal and skin) during the first sample period, but none in the second sample period at 5% level of significance. For the hot temperature zone countries the results show five significant relations (blood, circulatory, external, malfunctions) during 1970-1989 and eight (circulatory, digestive, external, genitourinary, nervous, perinatal, respiratory, skin and tuberculosis) during 1990-2010 at 5% level of significance. However, when we use sub-period 2000-2010 there is none at 5% level of significance. Hence, we may conclude that the adaptation effect is also present in hot temperature zone countries.
Long-run analysis

Adaptation effects
We next turn to estimate the adaptation effects more deeply. The concept of adaptation to environmental changes has been recently studied in Menz (2011) . He included current and lagged air pollution variables in life satisfaction regression to explore whether people habituate to increasing level of air pollution. We follow his approach and explore the adaptation effect in temperature-mortality relation by estimating the following level-form panel fixed effect model
where k and l denotes lag lengths for the short-run dynamics The above dynamic fixed effects modes states that the current temperature effect on mortality is We have summarized our estimation results in Table 5 . The number of lags are set n = m = 2. The adaptation effect on the total mortality rate (mor) can be rejected at 10% level of significance. Table 5 shows that there seems be full adaptation in most of the causespecific mortality rates. There is only one cause-specific mortality rate, namely malformation, for which the full adaptation can be rejected at 5% level of significance. At 10% level of significance also for two others cause-specific mortality rates, namely nervous and infectious, the adaptation effect can be rejected. If the adaptation effect is rejected we can proceed to compute the long-run effect of a change in temperature on mortality rates as 
The log-run effect of total mortality is now .16, meaning that the increase in temperature by 1% leads to .16% increase in the total mortality rate in the long-run. For the cause-specific mortality rates infectious, malformation and nervous the long-run effects are .45, .22 and .50, respectively.
Panel cointegration approach
Before proceeding to estimate a possible cointegration relationship between temperature and mortality rate, it is necessary to investigate unit root properties of the series. Table 6 presents the panel unit root test results. For temperature rates the panel unit root test results are mixed but by using different sample sizes and temperature zones data we have reasonably evidence to presume that the temperature rates can be considered as integrated of order one. The mortality rate and the cause-specific mortality rates seem to be unit root processes. There is also a relatively recent literature that has focused to explore whether there is a unit-root in global temperature. This literature states that there is an overall evidence of the unit root properties in temperature series (e.g. Stern 2002 and Kauppi et al. 2011 ). For mortality rates, Lee and Carter (1992) provide evidence that age-specific mortality rates contain stochastic trends. Also, Edwards (2009) specifies mortality rates as unit-root processes. Hence, in further analysis we consider both temperature and mortality rates as unit-root processes. Given the nonstationarity of both mortality and temperature rates, the relevant question is whether there exist a long-run joint relationship between these variable, i.e. whether the linear combination of these two variables is stationary. The possible long-run relationship states that temperature and mortality rates have a common stochastic trend and, hence, these rates will move together in the long-run. This implies that an increase in temperature rates will increase also mortality rates in the long-run. The use of cointegration analysis is not novel in the climatic change literature. For example Kaufmann and Stern (2002) applied cointegration in analyzing the global climate change.
The heterogeneous multivariate panel cointegration test developed by Pedroni (1999 Pedroni ( , 2004 ) is utilized to explore co-movement between temperature and mortality rates. Table 7 provides the results of cointegration tests between temperature rates and the mortality rates. We use seven tests statistics to investigate whether panel data are cointegrated.
The tests consist of four within-group tests and three between-group test statistics. If four to seven tests out of seven reject the null of no cointegration at 1 %, we consider a finding of a cointegration relation between temperature and mortality-specific rate. Otherwise, we conclude that there is no cointegration. The similar approach is used, for example, by Damette and Fromentin (2013) . In the appendix Tables A2-A4 present cointegration tests for different temperature zones. We are able to reject the null of no cointegration at 1 % significance level for only three cause-specific mortalities, namely blood, respiratory and skin, when we look at the full sample. When we divide the sample into three temperature zones, we find cointegration between the temperature and cause-specific mortality rates in the hot temperature zone for blood and respiratory, in the medium temperature zone for malformations and respiratory, and in the cold temperature zone for blood-and skin-related mortalities. Based on the results we can conclude that the cointegration relationship is temperature zone dependent.
Based on cointegration tests we can estimate the long-run relationship between the temperature and mortality-causes. We apply panel dynamic ordinary least squares (PDOLS) (Saikkonen 1991, Stock and Watson 1993) to equation (5) and estimate the cointegrating equation and the associated coefficients. We choose PDOLS as our estimation method, because it has been shown to be asymptotically efficient estimator for cointegrated panels (Baltagi 2008: 294) . The results are provided in Table 8 . For the full sample analysis, we find that temperature is positively and significantly associated with only infectious-specific mortality rate. The long-run relation can also be seen in Figure 2 , where we have depicted the natural logarithms of the annual temperature and infectious-related mortality rates in 23 OECD countries between 1970 and 2010.
[
INSERT FIGURE 2 HERE]
The estimates for the hot temperature zone are significant and positively associated to mental, neoplasm and nervous related mortalities. The association was significant but negative with respect to circulatory-related mortalities. The unexpected negative signs in statistically significant PDOLS estimates might result from negative trends of the causespecific mortality time series. The amount of circulatory-related mortalities has decreased in the hot temperature zone countries over the sample period but the temperature has increased. The negative relation between temperature and some cause-specific mortality may also reflect that the global warming might affect positively health production. In some parts of the world climate change leads to more favorable temperature environment with respect to health outcomes. For example, if winter becomes milder, in some countries, there is probably less mortalities due to myocardial infections and strokes.
For the medium temperature zone higher temperatures were significantly associated with higher illness, higher infectious and higher respiratory related mortality and negatively related to suicide mortality. For the cold temperature zone higher temperature resulted higher infectious-and skin-related mortalities.
To sum up our cointegration results so far, we may conclude that the most frequent causespecific mortality rates that share a common trend with temperature is infectious diseases. This support Tol (2002) who emphasizes that vector-borne diseases, which account for 17% of the estimated global burden of all infectious diseases, will increase significantly when temperature level rises (see also Haines et al. 2006) . Furthermore, he notifies that the non-vector borne infectious diseases are increasing with climate change.
The significance of the respiratory-specific mortality results in the medium temperature zone is in line with Barreca (2012) who presents that the exposure of extreme temperatures levels increase the risk of mortality through respiratory systems. Also, our finding of the skin-related deaths in association with climate change in the cold temperature zone is in line with previous literature (see e.g. Bharath and Turner 2009) The high magnitude effect with respect to temperature and mental cause-specific mortality rate support Cunsolo Willox et al. (2013) result that the climatic change has also serious consequences for mental health. Every year, especially in hot temperature zone countries, a large number of people are hospitalized in association to elevated temperatures due to mental health problems. Hansen et al. 2008 found that heat waves exacerbates symptoms of dementia, depression and anxiety and are associated with a 64 per cent increase in admissions to psychiatric hospitals. Further, they find that admissions for individuals with post-traumatic stress disorder, obsessive compulsive disorder, and panic disorder increases by nearly 10 per cent during the period the intense heat.
We also show that temperature-mortality relation is more common in hot temperature zone, i.e. in those developed countries where the annual average temperatures have been above 13 degrees Celsius. There is much less evidence of cointegration in those developed countries, where the average temperatures have been below 5 degrees Celsius. Our results, hence, imply that the temperature-related mortality effects are very much temperature area dependent.
For those cause-specific mortality rates where the cointegration between temperatures can be found, we can also estimate an error-correction presentation. We estimate the following dynamic panel fixed effects error-correction model
where the long-run cointegration relation or, in other words, error correction term, is as
The ECT is the disequilibrium term predicting how far the predicted relations are from the long-run equilibrium levels. In estimation we use the residual series obtained from PDOLSestimation. We have discarded the lagged mortality rates from the estimated model because of the possibility of the endogeneity problem due to collinearity between the lagged error-correction term and the lagged dependent variable.
The results for the dynamic fixed-effect error-correction model are presented in Table 9 . We have estimated this equation using different lag structures and different combinations of explanatory variables for robustness checks. We have selected the lag length n = 1. The error correction terms (γ) have an expected negative signs and are significant at the 1% level for all specifications. The error-correction term gives the speed of adjustments to the long-run equilibrium level. The magnitude of the error-correction term varies between [-.15 -.88] . Overall, these results suggest that a 1% deviation from the temperature-mortality long-run equilibrium level will approximately lead to [.15, .89 ]% change in the causespecific mortality rates during the following year. On the basis of PDOLS estimates and the above error-correction presentations, we can compute the long run impacts of temperature changes on each cause-specific mortality rates. For example, the impact of infectious-related deaths for the full sample is computed by summing the short-run effect (.033) and the error-correction estimate (-.426) multiplied by the PDOLS estimate with the negative sign (-.209). Hence, we find that 1 % increase of annual average temperature increases, for example, the infectious-related mortality by .062% in the 23 OECD countries. For the hot temperature zone countries there is no longrun association between temperature and infectious-related deaths. For the medium temperature zone countries the same effect is, on average, .503% and for the cold temperature zone countries, .003%.
In hot temperature zone the mental health related mortality seems to be very sensitive to the temperature increase, since the long-run effect for 1% increase in temperature is .786% in mental health deaths. There are also rather high long-run effects for circulatory-(.198), neoplasm-(.203%) nervous-specific (.286) mortality rates. In the medium temperature zone, the infectious mortalities are the most sensitive to temperature increase. There is also a modest increasing mortality effects for illness (.144), and respiratory-related (.503) deaths in the long-run. Interestingly, suicide-related deaths are negatively related to temperature changes in the medium temperature zone. However, the effect is rather small (-.139).
For the cold temperature zone, the significant long-run relation is found for infectious-and skin-related deaths. The long-run effect for skin-related deaths is .125%. In general, the long run effects are, on average, much larger and they have more variation for the hot and medium temperature zone countries than in the cold temperature zone countries.
Concluding remarks
Climate change will affect well-being in multiple ways in this century. The latest evaluation by IPCC (2007) predicted that global temperature will increase between 1.8 and 4.0 degrees Celsius by 2100. Despite the large amount of research, the accurate estimation of the temperature effects on mortality is rather complex task. First, the forecasts of an increase in global average temperature vary a lot indicating uncertainty about the sensitivity of the climatic system. Second, the human adaptation, climate engineering and mitigation effects are in an important role when analyzing temperature-mortality relation.
We contribute the previous literature in many important ways. First, we perform our investigation in a several country context, which allows us to make more convincing conclusions about the climate change effect on the mortality rates. Second, we use both short-run and long-run analysis to emphasize the relation between temperature change and cause-specific mortality rates. Third, we take into account the adaptation effect. More specifically, we provide clear evidence of adaptation effect in temperature-mortality relation in 23 developed countries during the time period 1970-2010. Our analysis shows that humans have been quite adaptive to the climatic change, and that there are only some diseases that have clear effects on mortalities when the temperature increases. The results are robust in the sense that temperature and mortalities relations do not change even if we take into account also the socio-economic factors.
As a policy recommendation we argue that when analyzing climate change effects on health production it is crucial to take the adaptation effects into account. Further, it is crucial to recognize that the adaptation effect might differ in different temperature zones. Also, the adaptation might be expensive, and hence especially, in the poorer countries the full benefits of the adaptation will not be possible.
For the future research we suggest that to have a good understanding climatic change effects on public health we should also consider the effects of temperature variations and temperature thresholds on cause-specific mortality rates. Furthermore, since air pollution usually increases jointly with temperature it would be necessary to take this joint behavior into account when predicting the climate change effects on health production. Further, since humans are able to adapt to changing in climate conditions it is crucial to include the possible climatic engineering and/or the adaptation variables into the analysis to explore the long-run joint relations between climate change and health effects. These important aspects are, however, left for future research. 
